In this paper, based on the study of the connotation of the risk and the method of risk management in coal mine, it has given the definition and function expressions of the risk. According to the safety control theory and the humanistic theory, this paper has divided the risk management system of coal mine into technical system and humanistic system to research the risk management by technical measures and humanistic measures. It has built the technologyhumanism double loop control model and the mathematical model of risk management in coal mine.
Introduction
Because of working underground, bad environment, the complex production process, and various natural disasters such as gas, coal-dust, flood, fire and coal bump, the safety of coal mine is more important, more complex, more difficult to solve than any other industry problems [1] . All of the safety problems in coal mine should be reduced to risk management. Facing frequent accidents of coal mine, it will be a urgent important topic to find some methods and means to identify and control potential risks of coal mine, to eliminate or reduce accident risks, and to prevent the possible disasters. This paper will explore risk management theory and methods of coal mine to establish the scientific and reasonable system of risk management and control method in coal mine for the comprehensive and dynamic management and to improve the abilities of risk analysis and control in coal mine.
Risk analysis of coal mine

The connotation of the risk
At present, various scholars have only described the risk from their respective views, but have not given a universally applicable definition of risk. The representative is the three-factor model prompted by Yates and Stone, who thought there were three factors determining the risk, i.e. potential loss, the level of the loss and the uncertainty of the potential loss. The model was the fundamental frame of modern risk theories which has indicated the basic connotation of the risk [2] .
In this paper, according to the characteristics of coal mine production and previous research, risk is defined as the combination of the accident probability that an objective or an activity result in accident and the accident losses in the safety production of coal mine. The factors that cause risk accident or increasing the occurrence probability and losses are called risk factors. They are the potential or indirect causes of risk events and losses.
The risk factors of coal mine are mainly divided into the static and dynamic risk. Static risk known as inherent risk is the risk from the hazards of the production system, which is the essence and premise of accidents. Static risk is objective existence, which is not to avoid or hard to avoid. Dynamic risk is occurred in the production process, and often changes, including the risk of accident potential risk and the behavior risk [3] . The accident will be caused by risk factors which expose in production activities without control or control failure. Risk accident the loss that causes include economic losses, casualties, time limit losses, the environmental impact. The risk losses mainly include economic losses, casualties, construction time losses and environment influence, et al.
According to the above definition, this paper uses P (Probability) to express the probability of the risk which is the function of m risk factors, the coefficient K is the influence of each factor on the whole risk, as equation (1) follows. The sequence severity C (Criticality) delineates the level of losses which is the function of n losses, as equation (2) follows. R (Risk Rate) delineates the level of the risk which is the function of risk probability P and sequence severity C, as equation (3) follows.
Theories of risk management
The definition indicates two aspects of the risk, one is the source of risk (risk factors), and another is the result (risk loss). Risk management is to control sources and reduce losses. That is to say, before the accident occurs, make identification, analysis and evaluation for risk factors, and take effective management techniques and measures to monitoring, control and warning in order to eliminate or weaken the risk of accidents, and reduce the economic loss and casualties.
Risk management should adhere to the dominant role of prevention and the subsidiary role of aftermath solution. The common prevention countermeasure is called the three-e principle of engineering, education enforcement. The principle of engineering is to take engineering means to eliminate risk factor of production equipment and facilities, improve the working environment, perfect the protection and alarm device, and realize the safety of the production conditions. The principle of education is to provide various levels, forms and contents of education and training for workers in order to master the knowledge and skills of safety. The principle of enforcement is to constraint behaviors of people by laws, rules, standards and rules and regulations, etc, so as to eliminate the phenomenon of the "three violations" [4] . It should be comprehensive and flexibility to apply the three-e principle, the first is engineering, and then is education, the last is enforcement.
Human is the key factor of risk management, and should be put in the first place, this is the principle of humanism. It includes two meanings: one is that all management activities are taken on ontology by human that is the main object and important resources; the other is that all kinds of production and management process need to charge, operate, promote and implement by human [4] . Therefore, it should take various means to improve human enthusiasm and creativity and restrain behavior according to rules of human thoughts and behavior.
The safety control theory can be used in the process of risk management that is to take some principles and methods of control theory into the safety control system. Safety control system is generally divided into macro control system and micro control system. The macro safety control system is taken all kinds of production and management system as the controlled system, with all sorts of safety check and safety information statistics as feedback means, with safety supervision and administration departments at all levels as the controller and with national safety policy and the safety index as the control target. Micro safety control system is taken the production and operating activities as the controlled system, with detecting safety condition as feedback means, with safety technology and management as the controller, and with safe production as the target [5] . The safety control system of the enterprise doesn't belong to the typical macro and micro control system, but with their part characteristics respectively.
The double loop control model of risk management in coal mine
On the basis of the above analysis and research, risk of coal mine including hazards, accident potentials and unsafe behaviors, that is mainly caused by the unsafe behavior of the human and the unsafe state of object. In the three-e principle, The principle of engineering provide solutions to the unsafe state of object, principles of enforcement and education are mainly focused on unsafe behaviors of human. Therefore, according to the above methods, it can be divided the system of risk management into technology and humanistic systems.
According to the safety control theory and the humanistic theory, this paper will divided the risk management system of coal mine into technical system and humanistic system to research the risk management of the coal mine by technical measures and humanistic measures, so as to build the technology-humanism double loop control model of risk management in coal mine, as fig.1 shows. 
The closed loop control system on technology
In the closed loop control system on technology, workers of the risk management department gather risk information using artificial or automatic detection device, then make risk analysis and evaluation based on standards and specifications of risk management, give some early-warning and control measures for risk information accordance with results from the analysis and evaluation, and finally make a decision according to the predetermined risk goals, including the rectification of accident potentials, the control of hazards and so on.
(1) Risk inspection Most of the coal mine enterprises mainly collect risk information artificially using, safety check table. Some rich enterprises collect risk information automatically by special equipment or monitoring system.
(2) Risk analysis Risk analysis of the coal mine enterprises is to identify risk factors which need to recognize their existence, position if the grade of danger, quantity, scale and potential consequences.
(3) Risk assessment On the basis of risk analysis, it must give the corresponding standard of risk grade, make quantization and calculation for risk factors in order to get the probability, consequences and value of risk, make a judgment that whether the risk of the system can be accepted and the need for further safety measures.
(4) Risk early-warning Risk early-warning is to give some warnings or hints based on results of risk assessment and the actual needs of accident prevention.
(5) Risk control risk control is to take some measures for dynamic supervision on the change and development of risk in order to reduce the probability and losses of risk, that is to track the identified risk, monitor the change and degree of the residual risk, identify new risk factors, and control the sign and development of potential risk.
(6) Risk goal The risk management goal of coal mine is to get maximum safety with minimal cost, so as to ensure production and development of coal mine, and to achieve three goals at the same time including production, safety and cost. (7) Risk decision Risk decision is to make a judgment for risk degrade according to the risk goal. If the risk degrade is not in the acceptable range, it must be tried to avoid, eliminate, or take some measures to reduce the loss.
The closed loop control system on humanism
In the closed loop control system on humanism, according to the overall risk of coal mine enterprise, workers of the risk management department will take the construction of the risk management organization, risk culture and the emergency rescue system, and then give the education training and performance evaluation for staff at all levels by the relevant regulations and the scheduled goal, and finally make a decision to personnel changing or behavior improvement based on the assessment results.
(1) Construction of risk management organization Risk management organization is the guarantee and support for risk management. It must be built up the risk management organization system of the comprehensive, the entire process in coal mine from the miners to the management, and give the specific duties and authority.
(2) Construction of risk culture Risk culture can influence risk management of all levels and promote the continuous improvement and development of risk management system. it includes concept culture, system culture, behavior culture and material culture.
(3) Construction of emergency rescue system Emergency rescue is the important strategy to prevent major accidents and disasters, reduce and control accident risk. Firstly, set up emergency rescue organizations, secondly, make emergency plans for relevant personnel education to training and emergency rescue exercise, and ensure the timely and effective emergency response after the accident.
(4) Education and training Education and training of coal mine usually includes knowledge education, skills education and attitude education. It needs to set up a high quality team of the risk management to improve risk management consciousness by education and training.
(5) Performance evaluation Performance evaluation is to establish a scientific and reasonable evaluation mechanism to evaluate periodically morality, ability, work and performance situation for the enterprise staff at all levels, exercise the system of rewards and penalties so as to improve and perfect their behavior.
The relationship between the technology and humanistic system
The double loop control model has achieved the feedback control of the coal mine production process from technology and human aspects. The risk management of coal mine enterprise is the dynamic process which is interaction and restrict with each other between technology system and humanistic system so as to constantly adjust and improve.
Technology system is to make analysis, evaluation and early-warning for risk factors using the engineer technology of risk management, it is the hard means and the core of risk management; And humanistic system is to manage and control the unsafe behaviors of workers with culture construction, education training and assessment methods, it is the soft means and the basis of risk management. Therefore, the risk management of the coal mining enterprises must be taken hard and soft means at the same time, give comprehensive consideration, so as to form a comprehensive, dynamic, perfect and cyclic system of risk management.
It is to give the explanation that there are some study on behavior in the technical system, and the humanistic system also involves the study of object factors, both of them are a whole, but this paper has divided it into two large system to facilitate the research and expression.
The construction of the mathematical model of risk management system
Risk management system is very complex, but it can be taken as the basic contradiction, namely risk and the control function which is struggling with risk. According to the view point of the control theory, risk management system can be regarded as a black box with input and output [6] . Risk and control function are input variables, accident consequences is output. Based on the above double loop control system model, the control function of risk management system can be divided into technical and humanistic aspects, as fig.2 shows. According to the above diagram, the output of risk management system in coal mine is the annual accident loss, using L k to express, the input are risk index(R k )and control effect (C Hk and C Tk ). the control effect takes a minus to express the opposite relationship with the risk [7] . Therefore, the following difference function is established:
Where k is time, generally refers to the annual, L k the accident loss of the k annual, L k-1 the accident loss of last year, C Tk the annual control ability of the technical system, C Hk the annual control ability of the humanistic system, R k the annual risk index.
Then, it can get the following equation.
If C and R remain the same in a period, it can get the general solution as follows from equation (5) by means of Z transformation.
Then,
When k tends to infinity, it can get the limitation as follows.
If the risk and control function do not change for a long time, after risk management system running a few years, the death rate of million-ton in coal mine will tend to a constant, but can not be zero. Therefore, it is very effective to reduce risk and accident loss with various measures in the risk management process of coal mine, but because of the objective of risk and the limitation of risk control ability, accident loss can not be avoided completely.
It must be pointed out that L k is the statistical variable in equation (5) which should include a random error term W k , L k is the actual observation which may exist a observation error V k [8] . So the mathematical model of risk management in coal mine can be written as the following functions. Where L, Z, W, V are one dimension vectors.
Conclusions
Based on the study of the connotation of the risk and the method of risk management in coal mine, the paper has given the definition and function expressions of the risk. According to the safety control theory and the humanistic theory, it has divided the risk management system of coal mine into technical system and humanistic system to research the risk management by technical measures and humanistic measures. It has built the technology-humanistic double loop control model and the mathematical model of risk management in coal mine.
